Abstract

Introduction
Public health recommendations have emphasized the importance of physical activity in various aspects of daily life, such as leisure, housework, work and travel. Leisure-time physical activity has been found to be strongly linked to a number of health outcomes 1, 2, 3 . Despite the well-known benefits of an active lifestyle, the physically active portion of the population remains small 1, 4 .
Studies show that strategies aimed at addressing only individual barriers to physical activity have limited success 5 . Furthermore, evidence suggests that social factors (interpersonal relationships and social networks), along with physical attributes of the environment can influence the physical activity pattern of the population 1, 6 .
Research in developed countries shows that environmental characteristics are not only associated with general physical activity, but also with specific behaviors such as leisure activities, transportation, and walking 7, 8, 9, 10 . In Brazil, some studies have investigated the relationship between physical activity and the environment; however, the evidence supporting these associations is still limited 11, 12, 13, 14, 15, 16, 17 .
The objective of this study was to estimate the prevalence of leisure-time physical activity among adult residents of a large city in Brazil and to investigate the associations of leisure-time physical activity with social and physical features of neighborhood environments with different socioeconomic profiles.
Methods
Data for this study was obtained through a household survey (The BH Health Study) conducted by the Belo Horizonte Observatory for Urban Health of the Federal University of Minas Gerais (UFMG) in [2008] [2009] . Two of the nine health districts of Belo Horizonte City, Oeste and Barreiro, were included in the study. These two districts comprise 24% of the 2,375,151 residents of the city 18 . Belo Horizonte, capital of the state of Minas Gerais, Brazil, has an area of 331km 2 , a population density of 7,177 residents/km 2 18 and a Human Development Index of 0.810 19 . Residents of the two districts were sampled using a stratified three-stage cluster design (census tracts, household, and adult resident, 18 years or older). These districts were chosen because of their geographical proximity and internal heterogeneity in relation to various demographic, socioeconomic and health indicators. Census tracts were stratified using the Health Vulnerability Index (HVI). The HVI is a census tract level indicator that combines information on social, demographic, economic and health indicators 20 . A total of 4,048 individuals responded to the survey 21, 22 .
Variables
The dependent variable, leisure-time physical activity, was measured using the long version of the International Physical Activity Questionnaire (IPAQ). The IPAQ allows the evaluation of physical activity in a population and estimates the weekly time spent in moderate to vigorous physical activity within different contexts of life 23 . The weekly leisure physical activity score was calculated by adding the minutes spent per week in walking and in other physical activities classified as light, moderate or vigorous. According to previous recommendations, the time spent in vigorous physical activities was doubled before being added to the final score, in order to reflect its greater intensity 24 . For the score calculation, only activities lasting at least 10 consecutive minutes that occurred during the week immediately preceding the questionnaire administration were included. Individuals who received a score of ≥ 150 minutes a week were considered physically active 25, 26 .
The National Wealth Score (IEN, in the Portuguese) was used as an indicator of socioeconomic position. The indicator was measured at the individual level and built up based on the information on household consumer goods and the schooling of the head of the household. As reported in the original study, the coefficients used to calculate this score were derived from a principal component analysis of a set of 13 variables from the Brazilian Demographic Census of 2000 27 . Participants were categorized into three groups based on tertiles of the score: low (43 ≤ score ≤ 490), medium (491 ≤ score ≤ 687) and high (688 ≤ score ≤ 1,066) socioeconomic statuses.
Neighborhood characteristics were measured using the perceived neighborhood scales proposed by Friche et al. 28 , where estimates were derived by aggregating the responses for all participants within a census tract. The scores of the scales were generated from three-level models using empirical Bayes estimation, in order to account to inter-individual differences in responses to construct the aggregate measures, even within census tracts with small observations 28 . The aggregation process of individual environmental perceptions can result in a more valid measurement of neighborhood conditions and allow evaluation of the social environment, which cannot be measured by other techniques.
For this study Services, Aesthetics, Safety and Social Cohesion scales were selected because they have been previously hypothesized to be related to physical activity 1, 29, 30 . Elevated values on the scales represented favorable perceptions of the social and physical environment.
The Services scale was constructed based on evaluations of the following: street lighting; street and sidewalk maintenance; public locations for sport and leisure; public amenities; transportation; police services; traffic; and ease of accessing fresh, quality food. The Aesthetics domain included the following items: presence of trash or debris on the streets or neighborhood sidewalks; if the neighborhood is a pleasant place for children and teenagers; presence of trees and plants, which improve the environment. The Safety scale consisted of two items: sense of safety walking at night and if violence is a problem in the neighborhood. The items on the Social Cohesion scale refer to the social relationships among neighbors such as: trust neighbors to leave a key, to care for a family member during an emergency, and/ or lend items; neighbors who give advice, help financially and/or would inform you of interesting job opportunities 28 . For most questions, the responses were "yes" or "no", except for public services, with response options ranging from 1 to 4 (1 = very good, 2 = good, 3 = bad, 4 = very bad).
The individual-level variables were grouped into three blocks: socio-demographic, lifestyle and health, and social support. The socio-demographic variables were age (years), sex (female or male), marital status (with a partner: married/ living together, or without a partner: single, separated/divorced, widowed), currently employed (yes or no), time living at the residence (years), educational attainment (0-4 years, 5-8 years, 9-11 years, and ≥ 12 years) and family income as a multiple of the minimum monthly wage (< 2, 2-3, 3-5, 5-10 and ≥ 10). The health and lifestyle block included variables on regular consumption of fruit, natural fruit juice, and vegetables (regular fruit and vegetable consumption) categorized as < 5 times/week and/or ≥ 5 times/week; current smoker (yes or no: never smoked or ex-smoker); alcohol consumption (yes or no, determined by the question "Do you drink alcoholic beverages?"); self-perception of health (very good/good or reasonable/bad/very bad); body mass index (BMI) was classified as underweight (< 18.5kg/m²), normal weight (18.5 to 24.9kg/m²) and overweight (≥ 25.0kg/m²) for adults 31 and underweight (≤ 22.0kg/m²), normal weight (22.0 to 27.0kg/m²) and overweight (≥ 27.0kg/m²) for the elderly 32 .
The social support block included social participation 33 and physical activity social support 34 
Statistical analysis
We first conducted descriptive analysis of all variables by each set of socioeconomic status. The overall prevalence of leisure-time physical activity with the 95% confidence interval (95%CI) was estimated for the population sample and for each socioeconomic status stratum. Because of the possibility that socioeconomic status could modify the associations of the environment with physical activity, multilevel models with a random intercept for each tract were fitted in each socioeconomic stratum 35, 36 . The first level was represented by individuals and the second by the census tract. The census tract is a territorial unit collection of census operations, and defined by the Brazilian Institute of Geography and Statistics, with physical limits identified in continuous areas and respecting the political and administrative divisions of Brazil 18 . The Intraclass Correlation Coefficient (ICC) was calculated as the latent variable method 35 .
First the null model was fitted (only the random intercept) to evaluate between neighborhood variability, then we added the neighborhood perception variables (scales of Services, Aesthetics, Safety and Social Cohesion) (Model 1). In the second model individual demographic variables were added. The third model included lifestyle and health variables; and the last model (Model 4) added individual social support variables. The analysis was adjusted for the main individual characteristics that may influence the association under study.
The software Stata, version 12.0 (StataCorp LP, College Station, USA) was used. All analyses were carried out taking the complex sample into account. A significance level of 5% was used. This study was approved by the UFMG Ethics Research Committee (protocol number ETIC 253/006). All subjects provided written informed consent before participating in the research.
Results
The study included 3,597 individuals from 149 census tracts with a range of 6-39 individuals from each census tract. The overall prevalence of leisure-time physical activity was 30.2% (95%CI: 27.3-33.1), with increasing rates from low to high socioeconomic status. It starts from 20.2% (95%CI: 16.1-24.2) in the low; 25.4% (95%CI: 21.9-28.8) in the middle to 40.6% (95%CI: 35.7-45.5) in the high socioeconomic status stratum. For the overall population, the physical activities most reported were: walking (21.3%), weight-lifting (9.1%), team sports (5.2%) and running (4.3%). These activities were similarly prevalent within each socioeconomic status strata (data not shown).
The average age was 41 years old, 46.9% were female, 46.8% reported living without a partner, and 64.8% were employed at the time of the study. These characteristics did not differ by socioeconomic status strata. Individuals from the low socioeconomic status stratum reported shorter length of time living in their home, lower income and a lower level of education. The proportion of individuals with adequate regular fruit and vegetable consumption (≥ 5 times/week), consumption of alcoholic beverages, the proportion overweight, and the proportion with good/ very good self-rated health were higher in persons of high socioeconomic status compared to those with low socioeconomic status. The proportion of smokers was higher in the low socioeconomic status than in the high socioeconomic status categories. Individuals of higher socioeconomic status stratum reported encouragement from friends or family members and greater social participation (Table 1) .
The associations between leisure-time physical activity and neighborhood and individual characteristics stratified by socioeconomic status are shown in Tables 2 and 3 . The average scores of the neighborhood scales ranged from 3.17 for Social Cohesion to 2.55 for Services (data not shown). In the univariate analysis, the Social Cohesion scale was positively associated with leisure-time physical activity within the low socioeconomic status stratum. Regardless of socioeconomic status, the Services, Aesthetics and Safety scales were not significantly associated with leisure-time physical activity (Table 2 ).
In the three socioeconomic status groups, physically active persons were more likely than inactive ones to be young, male, with a good/very good self-perceived health, with greater social participation and reported encouragement for physical activity from friends or family members. In the low socioeconomic status stratum they were also more likely to be currently employed and overweight. "Ride" was positively associated with leisure-time physical activity only within high socioeconomic status stratum. In the low and middle socioeconomic status brackets, physically active persons were more likely to consume fruit and vegetables, be a non-smoker, to not have a partner and to report company of friends or family members for physical activity. On the other hand, alcohol consumption was positively associated with physical activity in the middle and high socioeconomic status strata (Table 3) . Table 4 shows associations of individual and neighborhood factors with physical activity for each socioeconomic status category. Significant variability in leisure-time physical activity was found between neighborhoods (census tracts) in the null model. Leisure-time physical activity was associated with Social Cohesion scales for the low socioeconomic status stratum. Individuals living in neighborhoods with better perceptions of social cohesion (OR = 1.43; 95%CI: 1.02-2.01) had higher odds of being physically active. No significant associations were observed between the Services, Aesthetics and Safety scales and leisure-time physical activity in any of the socioeconomic status strata (Model 4).
The addition of the neighborhood and individual variables changed the between tract variance as follows: reducing by 11% and 5.72% in low and high socioeconomic status strata, respectively, and increasing 4.34% in the middle socioeconomic status stratum (comparison between null model and model 4, Table 4 ). For all of the socioeconomic status strata, there was a reduction in the ICC when individual-level variables were added, suggesting that these variables contribute to between tract variability.
Discussion
This study aimed to investigate whether leisuretime physical activity is associated with perceptions of the social and physical living environment in different socioeconomic strata, and if this association remained after controlling for individual characteristics such as socio-demographics, health and lifestyle, and social support. Greater perceived social cohesion was associated with greater odds of leisure-time physical activity in the lowest socioeconomic stratum even after adjusting for individual characteristics. Comparison between socioeconomic statuses: * p < 0,001; ** p < 0,05; and *** p < 0,01.
The prevalence of leisure-time physical activity found in this study was similar to results of a national survey of adults over 18 years of age in all Brazilian state capitals and the Federal District, where only 33.5% of the total sampled population and 36.4% of residents in Belo Horizonte were classified as active during leisure 26 . The regular practice of physical activity is of major importance in health promotion and disease prevention; however, indicators of this behavior remain low in the population 2 .
The results of this study are consistent with others showing that individuals in disadvantaged socioeconomic groups are less likely to be physically active during leisure-time than those of higher socioeconomic status 14, 37 . Recent studies in Brazil have shown that more education is positively associated with leisure-time physical activity 38, 39 and individuals living in high-income neighborhoods have a greater chance of being physically active during leisure 14, 37 . Social cohesion is one of the aspects of the social environment, which can influence health and healthy behaviors. It can be understood as the extent of connectivity and solidarity among groups in a society, measured by the levels of trust and reciprocity in the neighborhood 40, 41 . Areas or neighborhoods where individuals have more interaction or social cooperation can lead to more efficient use of community resources, such as those meant for the practice of physical activity 42 . Greater social cooperation can also influence people's health, allowing for a diffusion of knowledge of healthy behaviors and lifestyles 43 . It can also promote collective action that reduces crime, insecurity and physical disorder in the neighborhood 40, 44 .
In this sense, the result of this study corroborates other findings, reinforcing the importance of stimulating social relationships in communities in order to promote the practice of leisuretime physical activity 12, 40, 42, 43, 44, 45 . Supporting these findings is a review of interventions aiming to increase physical activity showing that interventions providing social support in community environments were effective in increasing physical activity in the population 46 .
However, in our study, the association between leisure-time physical activity and perceptions of social cohesion in the neighborhood was only observed among the low socioeconomic status individuals. Similarly, a study including 40 socially vulnerable areas of London showed the importance of social support and community networks in practicing leisure-time physical activity among residents over the age of 16 43 , suggesting the relevance of this domain in the practice of physical activity in low-income groups. A conceivable explanation for the lack of this association within the medium and high strata of socioeconomic status may be attributed to greater availability of personal and financial resources in either groups, as well as the possibility of living in more favorable places to physical activity or even intermingled in a social environment in which physical activity is recognized by their peers as beneficial to health 29, 47 .
Positive associations between leisure-time physical activity and perceived access to services and recreational facilities have been described inconsistently 6, 7, 8, 9, 12, 14, 48, 49 , contrasting with our study that failed to find a significant association between the leisure-time physical activity and Services scale, regardless of the socioeconomic status stratum. In the literature available, assessments of services were usually done by measuring either the walking distance needed to access the service or the number of services located in the neighborhood. Distinctly, our study evaluated the service domain using questions where interviewees scored the service available in his/her neighborhood regarding illumination status; street and sidewalk maintenance; public facilities; transportation and traffic quality; law enforcement, and food access. Therefore, in creating a more global evaluation of the context related to services, it might seem fractious to contrast our findings with others in the literature. Another inconsistency encountered in the literature is the relationship between perceived community safety and leisure-time physical activity 6, 16, 50, 51 . Comparable to some studies 13, 15 we found a non-significant association between leisure-time physical activity and perceived safety, regardless of socioeconomic status. A possible explanation relies on the fact that individuals may practice their physical activity outside their residential area, making neighborhood safety an unrelated variable to the practice of physical activity 6 . However, studies have shown that this association may vary depending on whether safety was measured objectively or subjectively 46 52 .
Association between physical activity and aesthetic standards has also shown little consistency 48, 49 . Research from Brazil found leisuretime physical activity to have a positive association with the presence of green areas and negative associations with accumulated trash and with physical activity for transportation 11 . Yet other national studies did not find significant associations between physical activity and aesthetic standards 12, 13 , supporting results found in this current study.
Some methodological issues should be considered when interpreting the results. The lack of an association between leisure-time physical activity and the Services, Aesthetics and Safety scales could be attributed to a lack of heterogeneity in the perceptions of these aspects. We observed a small variation in the mean of the neighborhood scores between active and inactive, as can be seen on Table 2 . Alternatively, it should be noted that the physically active participants might practice activities in other locations outside of their home communities leading to a lack of statistical significance in the observations 6, 8, 50 . Thus, it is important to evaluate the place of physical activity so that the influence of the home environment on these behaviors can be better understood 9 . For example, safety may be an important factor in practicing physical activity in public spaces, but not in closed locations such as gyms, clubs and even in the home, among others 6 .
The scales were constructed based on individual perceptions of the environment, which in turn can be influenced by personal factors and common-source biases 51, 52 . However, when using aggregated measures, the error decreases due to the subjectivity of the individuals 52 . Yet, the features of the environment obtained from the individual's perception may differ from those measured by means of objective measures. In Brazil, the variables based on geographic information system have a limited use due to the limited availability of such data 17 . Furthermore, the use of geographic or administrative units to define a neighborhood, such as the census tract in this study, may go beyond or fall short of what individuals consider as a neighborhood 53 .
It should also be noted that the data from this study, by design, is only from two health districts, namely Barreiro and Oeste. Therefore it may not be representative of the population of Belo Horizonte. Additionally, the cross-sectional design of this study does not allow for the establishment of temporality between exposures and outcomes.
The use of self-reported data, such as reports of physical activity, is susceptible to under or over-reporting of the duration and intensity of the activity. And, even if care was taken to utilize a standardized and an internationally validated questionnaire to determine physical activity, the prevalence of activity can vary according to the version used (short or long), dimensions evaluated (total activity or specific domains) and region surveyed (developed or developing).
On the other hand, it should be noted that the questionnaire used to evaluate the context of the neighborhood was validated for the study population and found to adequately evaluate the properties of the environment of these individuals. Currently, there are few validated instruments adapted to the Brazilian context that assess the specific environment for physical activity 17 , and studies have adapted questions from pre-existing questionnaires 11, 12, 13, 15 . Also, the analysis model used (multilevel), adjusted for the main individual factors, known to modulate the associations researched, can be considered the most appropriate for evaluating contextual characteristics. This model allows for the investigation of relative variance at different hierarchical levels and encourages the development of a research hypothesis that examines the role of context 36 . Among the factors of adjustment, the time living in the residence stands out because it can influence the individual's perception of the neighborhood 12 .
Conclusions
The association found between the Social Cohesion scale and leisure-time physical activity only for the low socioeconomic status stratum, suggests that this domain contributes to the promotion of leisure-time physical activity in economically disadvantaged groups, reinforcing the need to stimulate interventions for enhancing social relationship in this population.
It is undoubted that determinants of adequate leisure-time physical activity are complex and dependent of individual and contextual factors and may vary greatly between populations. To better understand the benefits of practicing and promoting physical activity in the context of public health it is necessary to explore domains other than leisure, as well as to use both subjective and objective measures (such as GIS and systematic social observation) to evaluate the physical and social environment since each approach can provide additional or different information 54 .
These findings are preliminary and signal the need for further research on the role of the physical and social environment on the practice of physical activity with the objective of increasing the evidence of these associations, especially in the Brazilian context. They also serve for the elaboration of interventions which promote the practice of physical activity. This study is of particular importance for the development of public policies aimed at increasing the physical activity of certain socioeconomic groups within a city's population in order to prevent an increase of the social inequality gap which harms health.
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